Abstract: Malnutrition is a major problem in Ethiopia. In Tigray regional state of Ethiopia, under-nutrition (disorders of nutrition) is very high. This study aimed to assess ash, moisture, protein fiber and fat contents of blended flours. The raw materials were maize (Zea mays) Melkassa-6 variety, soybean (Glycine max) Wagaye variety and moringa (Moringa oleifera) leaf. The three formulated flours were (R 65 ) 65:30:5, (R 60 ) 60:30:10 and (R 55 ) 55:30:15 with maize flour, soybean flour and moringa leaf powder, respectively. Each of the ingredients was mixed in predetermined portions to obtain enriched flour. Ash, moisture, protein, fat and fiber of the enriched flours were assessed and compared to control (100% maize flour). Higher amount of ash was observed in R 55 (4.3%), whereas higher moisture were found in control (7.8%). Protein content increased significantly (p < 0.05) from 8.2% in control to 17.2% in R 55 as the level of moringa leaf powder increased from 5% to 15%. Fat content increased significantly (p < 0.05) from 4.5% in control (maize flour) to 10.99% in R 55 . Lower fiber content was recorded in R 65 (2.65). As moringa leaf powder increased carbohydrate content decreased significantly (p < 0.05) from 66.1% in R 65 to 57.3% in R 55 . Higher energy was recorded in composite flour as compare to control (maize flour). The study showed that blending locally available food grains with moringa leaf powder can enhance proximate composition. 
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PUBLIC INTEREST STATEMENT
Malnutrition literally means mal nutrition in which mal means abnormal; therefore, malnutrition is abnormal nutrition that occurs due to either lack or excess of one or more nutrient that is needed for our body. Malnutrition in all its forms include over nutrition (overweight, obesity and resulting diet-related non-communicable diseases), under nutrition (stunting, wasting and underweight) and micronutrient deficiency (inadequate vitamins and minerals). Under nutrition mostly affects low-and middle-income countries in which around 45% deaths among children under 5 years of age are linked to this. Research exploration in complementary food processing using locally available materials might lower the death of under aged children and contribute to nutrition security.
Introduction
The period from 0 to 24 months is one of the most critical times for optimal growth and health and it is the peak age of growth faltering; however, occurrence of malnutrition in this age group is difficult to reverse to normal status, and can cause a major risk factor for childhood morbidity and mortality (Martorell, Kettel, & Schroeder, 1994) . Inappropriate feeding and misconception can cause poor physiological and mental development, as a result of this, some beliefs indicate that feeding children food such as curd can cause cold and cough (Lodha & Bharti, 2013) Complementary foods are foods that are introduced to children at six months of age in the form of liquid, semisolid and solid. Before six months breast milk contains all the nutrients that are needed for the growth of the child and nothing is given to children even water; thereafter, to meet their nutritional requirements, infants should receive nutritionally adequate and safe complementary foods, while continuing to breastfeed up to two years or beyond (WHO, 2019) . Nutrition education has great impact to start complementary food at the age of six months (Berhanu, Abegaz, & Kinfe, 2015) . In some parts of Ethiopia, the most liked complementary food given to children at six months old is maize, inset and very rare legumes that are nutritionally in adequate and unsafe, and around 80.4% of the complementary foods prepared for children are as normal as the food prepared for the whole family (Berhanu et al., 2015) , such as Kitta (flat and thin bread), bread and injera fitfit (mixed injera with stirred legume powder in water).
Feeding children with complementary foods prepared from maize, soybean and moringa leaves powder increase some anthropometric measurements (weight and head circumference) and serum iron level and Hb level as compare to control diet (maize and soybean) (Nwosu, Nnam, Ibeziako, & Maduforo, 2014) . The complementary foods prepared for infants from locally available agricultural products should meet quality of infant milk formula (Ojinnaka, Ebinyasi, Ihemeje, & Okorie, 2013) . A study conducted at south Ethiopia showed that 75% of the surveyed mothers use maize as a main cereal for complementary food preparation (Berhanu et al., 2015) . Due to inappropriate complementary food introduction to children, the prevalence of stunting, underweight and wasting in Tigray is 46.9%, 33% and 11.6%, respectively (Mulugeta et al., 2010) .
According to CSA (Central Statistical Authority), Federal Democratic Republic of Ethiopia (2006) , teff, sorghum, maize and wheat are the main staple food grains in Ethiopia. From the total grain production, maize and soybean accounts in 2016 were 71508354.11 and 812418.33 quintals, respectively. In Tigray regional state, maize and soybean production were 1379089.52 and 94163.2 quintals, respectively (CSA, 2006) .
Moringa oleifera leaves are very rich in some macro-and micronutrients and can be consumed fresh, cooked or dried. Dried moringa leaf powder can be stored in air-tight containers, protected from light and humidity, and kept below 24°C and can be added into any dishes (Mishra, Singh, & Singh, 2012) . Moringa in Ethiopia is called "Shiferaw". Moringa leaf powder is consumed as a tea in cafeteria and at home, and at southern part of Ethiopia two spoonful of moringa powder is added in to dishes every day (Alemu and Kelemu, 2013) . Even if moringa is abundant in Tigray, its use and consumption is very low due to limited awareness.
Soybean is known for its high content of protein value above 43%, and contains some micronutrients helpful for brain development, especially for infants (Nnam, 2000) . This study reports on proximate composition of maize-based complementary flour blended soybean flour and moringa leaf powder.
Materials and methods

Materials
Maize (Zea mays), Melkassa-6 variety grains, soybean (Glycine max) Wageye variety seeds and Moringa oleifera leaf were used for the study. The maize and soybean were collected from Mekelle Agricultural Research Institute and Mytsebri Agricultural Research Institute, respectively, and Moringa oleifera leaves were collected from Wukro Agricultural College, Tigray, Ethiopia.
Preparation of materials
Sample materials were cleaned manually to remove husks, damaged grains, stones, dust, light materials, glumes, stalks, undersized and immature grains, and other extraneous materials. Cleaned and graded maize was milled with a laboratory harmer miller (Thomas Willey, model ED-5, Germany) and sieved to separate the bran from the flour with 70 mm mesh screen. The flour with moisture content of 7.8% was packed in polyethylene bags and stored at room temperature until used.
Pure soybean seeds were boiled in boiling water in a ratio of 1:3 (w/v) for 1 h. The seeds were dehulled manually and dried in sun spread for 4 days until it was hard and slightly roasted for 15 min. Roasted soybean was milled in a laboratory harmer miller (Thomas Willy, Model ED-5, Germany) to fine flour. The flour was sieved through 70 mm mesh screen and stored in polyethylene bags at room temperature with moisture content of 2.5% until used.
Fresh Moringa oleifera leaves were plucked, washed and shade-dried. The leaves were completely dried within 2 h inside solar drier. Then, it was pulverized and packed in polyethylene bag and stored at room temperature with a moisture content of 4.8% until used.
Blend formulations
This research was done based on studies done by Nwosu et al. (2014) and Shiriki, Igyor, and Gernah (2014) . Nwosu et al. (2014) prepared his experimental diet from maize flour, soybean flour and moringa leaf powder in the ratio of 60:30:10, respectively, and Shiriki et al. (2014) varied the moringa level from 5% to 15% in his experimental diet prepared from wheat flour, soybean flour, peanut and moringa leaf powder. The blends (Table 1) were formulated with ingredients that would provide adequate proximate composition. Three different blend formulations were prepared from maize flour, soybean flour and moringa leaf powder.
Analysis of proximate chemical composition
Proximate chemical composition analysis such as moisture, crude protein, crude fat, crude fiber and ash were determined according to standard methods described by AACC (2000), while carbohydrate was determined by difference as described by Ihekoronye and Ngoddy (1985) . Energy value was calculated using the Atwater factors of 4, 9 and 4 for protein, fat and carbohydrate, respectively (Chaney, 2006) .
Experimental design
Simple mixture design was used to determine the effect of blends of maize flour, soybean flour and Moringa oleifera powder. The proportion of maize varies from 55% to 65% and moringa leaf powder from 5% to 15%, keeping soybean flour constant 30%; while 100% maize was used as a control. The ingredients were prepared in triplicate and analyzed for statistical validity.
Statistical analysis
Data was analyzed using Statistical Analysis Systems (SAS) package (version 9.1.3, American multinational developer of analytics software, USA). The results were reported as values of mean ± standard deviation. Data was compared on the basis of standard deviation of the mean values. One-way analysis of variance (ANOVA) was used to separate means.
Results
The proximate composition of the maize flour, soybean flour and moringa leaf powder are shown in Table 2 . Moringa powder had significantly higher content of ash as compared to maize and soybean flour. Higher and lower moisture content were found in maize flour and soybean flour respectively. Protein and fiber contents were significantly higher (p < 0.05) in soybean flour and moringa powder, respectively, as compare to control (maize flour). Higher carbohydrate was observed in maize flour and lower in soybean flour. Soybean flour was found to be superior in energy.
Values are means ± standard deviations of triplicate determinations. Means with the different superscript (a, b, c) within the row are significantly different (p < 0.05).
The proximate composition of maize flour (control) and three blended flour are shown in Table 3 . R 55 had higher ash content. All the three blended flour had significantly lower moisture content as compare to maize flour (control). Maize flour (control) had significantly lower protein content as compare to all blended flours. Fat content increased significantly in the blend as compare to control, while carbohydrate content decreased significantly. Higher energy was found in R 65 than the other flour samples.
Discussion
Nutrient and energy contents of the control and composite flour
The focus of this study was to explore the use of maize flour, soybean flour and moringa leaf powder as potential food ingredients that can add value to complementary foods. Malnourished babies are at higher risk of death in infancy and are more likely to face lifelong cognitive and physical deficits and chronic health problems due to protein-energy malnutrition (PEM) (USAID/ ENGINE/Save the children, 2012). Children under 6 years of age are vulnerable to PEM due to poor attention (Joshi, Joshi, Singh, Joshi, & Khan, 2011) .
The moisture content of the blended flour is in the limit of FAO/WHO recommended value (<10%), which decreased significantly (p < 0.05.) from 8.7% in maize flour (control) to 5.8% in R 55 . Moisture has an implication in terms of the consistency/texture and microbiological quality of food (Makinde & Ladipo, 2012) . Complementary foods should be free of microbial contamination that might prone children to diarrhea. Olaoye, Onilude, and Idowu (2006) reported that lower moisture content in food have an implication to prevent from microbial contaminations. This finding agreed to the study of Nwosu et al. (2014) and Abraham et al. (2013) that reported decreasing moisture content as moringa leaf powder level increased in their complementary food prepared from maize flour, soybean flour and Moringa leaf powder. There was significant (p < 0.05) increase in protein content with increasing level of Moringa leaf powder from 8.2% in maize flour (control) to 17.2% in R 55 . This could be due to substitution effect caused by the high protein content of Moringa leaf powder. Abraham et al. (2013) reported that Moringa leaf powder have the capability to increase the protein level in bread produced from wheat flour, soybean flour and Moringa olifera leaf powder. The protein is relatively higher than what was reported by Nwosu et al. (2014) in his complementary food prepared from maize flour, soybean flour and Moringa oleifera leaf powder. The protein value obtained agreed with the recommendations of FAO/WHO (16.7%).
The fat content of the blended flour is relatively higher than the maize flour (control), which fulfills the recommended dietary allowance by FAO/WHO (>6%). The codex standard recommends the fat content of cereal based processed diets not to exceed 3.3 g/kCal (Codex, 2006) . Dietary fat provide energy, essential fatty acids, transport fat soluble vitamins (A, D, E and K) and promotes palatability of food (Makinde & Ladipo, 2012; Michaelsen, 2000) . Abraham et al. (2013) reported an increase fat content in his maize-soybean-moringa bread as the level of moringa leaf powder increased in the blend Fiber content of the blended flour decreased significantly (p < 0.05) from 11.12% in maize flour (control) to 2.96% in R 65 . Special attention should been given to complementary foods prepared for infants since intestine of children is not mature enough to await high fiber content. Fiber may affect the efficiency of absorption of various nutrients of significance in diets with marginal nutrients content (Asma et al., 2006) .
The blended flour showed significantly (P < 0.05) higher ash content (3.5-4.3%) compared to maize flour (control) (1.3%). Within the blended flour, there were significant differences (P < 0.05) in the ash content. The ash content is higher than 3.08% and 1.65% is reported by Nwosu et al. (2014) and Abraham et al. (2013) , respectively.
There was significant decrease (p < 0.05) in carbohydrate content from 67% in control (maize) to 57.3% in R 55. As the level of moringa leaf powder addition increased the carbohydrate content decreased. The differences observed could be due to low carbohydrate content in moringa leaf powder (46.3%) as compared to maize flour (67%) ( Table 2) . A slight decreasing result was reported by Abraham et al. (2013) in his bread made from maize flour, soybean flour and moringa leaf powder.
The energy content is relatively higher than that of recommended by WHO/FAO for infants of developing countries 200 kCal for 6-8 months of age and 300 kCal for 9-11 months of age; however, it is lower for 12-23 months of age that requires 550 kCal per day. The energy content is higher than reported by Kebebu, Whiting, Dahl, Henry, and Kebede (2013) .
Conclusion
The finding of this research showed that addition of moringa leaf powder to locally available food ingredients enhances proximate value, such as ash, protein and fat contents, which could be good remedy for protein-energy malnutrition (PEM). In Ethiopia, specifically in Tigray, PEM is public concern; therefore this study might have an implication to reduce the severity of PEM. • Input from, and dialog with, expert editors and editorial boards
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